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a method for determining the status of the boom are pro-
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Description
BACKGROUND

[0001] The following description relates to the detec-
tion and analysis of one or more crane components to
determine a status ofaboom on acrane, andin particular,
the optical detection and analysis to determine a slew
angle or lift angle of the boom.

[0002] A crane, such as a mobile crane, typically in-
cludes a lower works, or carrier, and an upper works, or
superstructure, mounted on the lower works. The lower
works includes, for example, a frame, a suspension
mounted to the frame, tires mounted to the suspension,
and one or more outriggers each having an arm selec-
tively extendable and retractable in a substantially hori-
zontal direction and a jack coupled to the arm selectively
extendable and retractable in a substantially vertical di-
rection. The upper works may be rotatably mounted on
the lower works to rotate about a vertical axis. The upper
works may include, for example, a boom, an operator
cab, a counterweight assembly and a hoist for winding
and unwinding a rope. The upper works also includes a
rotating bed on which the above-noted components are
mounted.

[0003] The crane is capable of performing a number
of movements. For example, the upper works, including
the boom, may swing, or slew, left or right (i.e., rotate on
the vertical axis counterclockwise or clockwise), the
boom may lift up or down (i.e., increase or decrease an
angle relative to the horizontal), and the boom may ex-
tend or retract telescopically.

[0004] Various crane components, including those de-
scribed above, may be monitored to determine a status
of the crane component. Typically, sensors such as prox-
imity sensors, load cells, RFID sensors and the like may
be used to detect a crane component. For example, a
proximity sensor may detect whether an outriggerisin a
fully extended or retracted condition or whether a coun-
terweight is properly positioned. Some crane compo-
nents may be visually detected as well, for example, by
the operator or a spotter.

[0005] A particular crane component to be monitored
is the boom. In particular, a position of boom may be
monitored. A position of the boom may refer to a slew
angle of the boom, a lift angle of the boom, a length of
the boom, or a combination thereof. As described above,
the boom is typically rotatable on a vertical axis to change
a slew angle, rotatable on a horizontal axis to change a
lift angle, and extendable and retractable along a longi-
tudinal axis to change a length. A change in position of
the boom, i.e. a change in the slew angle, the lift angle
or the length of the boom, may result in a change to the
load capacity of the crane. Thus, it is beneficial for an
operator to be aware of the position of the boom.
[0006] Currently, a position of the boom may be mon-
itored visually by an operator or spotter, or with one or
more sensors. Such sensors may include proximity sen-
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sors, limit switches, rotary sensors, magnetic sensors
and the like. However, manual or visual inspection of the
position of the boom may be time consuming and inac-
curate. In addition, sensors may fail or become less re-
liable over time due to regular wear.

[0007] Accordingly, itis desirable to provide an image-
based detection and analysis system for determining a
position of boom, and in particular, one or more of a slew
angle and a lift angle of the boom.

SUMMARY

[0008] Accordingtooneaspect,acraneincludes acar-
rier, a superstructure coupled to the carrier, the super-
structure including a boom, and an optical detection sys-
tem. The optical detection system includes animage cap-
ture assembly having one or more image capture devices
configured to capture an image of one or more of the
carrier and the superstructure, and an optical control sys-
tem. The optical control system is configured to detect
one or more objects in the captured image, the one or
more objects selected from: the carrier, the superstruc-
ture, and a marker, analyze the one or more detected
objects, and determine a status of the boom based on
the analysis of the one or more detected objects.
[0009] According to another aspect, there is provided
an optical detection system for a crane having a carrier
and a superstructure mounted on the carrier, the super-
structure having a boom. The system includes an image
capture assembly having one or more image capture de-
vices configured to capture an image of the carrier, the
superstructure, or both, and an optical control system.
The optical control system is configured to detect one or
more objects in the captured image, the one or more
objects selected from: the carrier, the superstructure, and
a marker, analyze the one or more detected objects, and
determine a status of the boom based on the analysis of
the one or more detected objects.

[0010] According to another aspect, a method of de-
termining a status of a boom on a crane includes captur-
ing, with an image capture assembly, animage of a crane
carrier, a crane superstructure, or both, detecting, with
an optical control system, one or more objects in the cap-
tured image, wherein the one or more objects include
one or more of: the crane carrier, the crane superstruc-
ture, and a marker, analyzing, with the optical control
system, the detected objects, and determining, with the
optical control system, a status of the boom based on
the analysis of the detected objects.

[0011] Other objects, features, and advantages of the
disclosure will be apparent from the following description,
taken in conjunction with the accompanying sheets of
drawings, wherein like numerals refer to like parts, ele-
ments, components, steps, and processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]
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FIG. 1 is a side view of a crane according to an em-
bodiment;

FIG. 2 is a top view of the crane of FIG. 1;

FIG. 3 is a block diagram of a crane control system
according to an embodiment;

FIG. 4 is a block diagram of an optical detection sys-
tem according to an embodiment;

FIG. 5is a side view of a crane having image capture
assemblies installed at different positions on the
boom, according to an embodiment;

FIG. 6 is a schematic representation of an image
captured by an image capture assembly positioned
on the bottom of the boom in FIG. 5, with the boom
at a first slew angle, according to an embodiment;
FIG. 7 is a schematic representation of an image
captured by an image capture assembly positioned
on the bottom of the boom in FIG. 5, with the boom
atasecond slew angle, according to an embodiment;
FIG. 8 is a schematic representation of an image
captured by an image capture assembly positioned
on the bottom of the boom in FIG. 5, with the boom
at a third slew angle, according to an embodiment;
FIG. 9 is a schematic representation of an image
captured by an image capture assembly positioned
on the top of the boom in FIG. 5, with the boom at a
first slew angle, according to an embodiment;

FIG. 10 is a schematic representation of an image
captured by an image capture assembly positioned
on the top of the boom in FIG. 5, with the boom at a
second slew angle, according to an embodiment;
FIG. 11 is a schematic representation of an image
captured by an image capture assembly positioned
on the top of the boom in FIG. 5, with the boom at a
third slew angle, according to an embodiment;

FIG. 12 is a schematic representation of an image
captured by an image capture assembly positioned
on the bottom of the boom in FIG. 5, with the boom
at a first lift angle, according to an embodiment;
FIG. 13 is a schematic representation of an image
captured by an image capture assembly positioned
on the bottom of the boom in FIG. 5, with the boom
at a second lift angle, according to an embodiment;
FIG. 14 is a schematic representation of an image
captured by an image capture assembly positioned
on the top of the boom in FIG. 5, with the boom at a
first lift angle, according to an embodiment;

FIG. 15 is a schematic representation of an image
captured by an image capture assembly positioned
on the top of the boom in FIG. 5, with the boom at a
second lift angle, according to an embodiment;
FIG. 16 is a diagram showing a top view of a crane
having an optical detection system, according to an
embodiment;

FIG. 17 shows an example of a marker on a crane
viewed from a boom positioned at a first lift angle,
according to an embodiment;

FIG. 18 shows an example of a marker on a crane
viewed from a boom positioned at a second liftangle,
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according to an embodiment;

FIG. 19 shows an example of a marker on a crane
viewed from a boom positioned at a third lift angle,
according to an embodiment; and

FIG. 20 is a block diagram showing a method of de-
termining a status of a boom on a crane, according
to an embodiment.

DETAILED DESCRIPTION

[0013] While the present disclosure is susceptible of
embodimentin various forms, there is shown in the draw-
ings and will hereinafter be described one or more em-
bodiments with the understanding that the present dis-
closure is to be considered illustrative only and is not
intended to limit the disclosure to any specific embodi-
ment described or illustrated.

[0014] FIG. 1is a side view of a crane 10 according to
an embodiment described herein and FIG. 2 is a top view
of the crane 10 in FIG. 1. Referring to FIGS. 1 and 2, the
crane 10 may be a mobile crane, such as, but not limited
to, a rough terrain crane, an all-terrain crane, a truck
mounted crane or an industrial crane. The crane 10 gen-
erally includes crane components such as a carrier, or
lower works, 12 and a superstructure, or upper works,
14. In one embodiment, the carrier 12 may include vari-
ous crane components, for example, a frame 16, a plu-
rality of ground engaging elements 18 such as tires, and
a suspension (not shown) interconnected between the
frame 16 and the ground engaging elements 18. The
carrier 12 may also include other crane components such
as one or more outrigger assemblies 20. In one embod-
iment, each outrigger assembly 20 includes a jack 22
thatis movable generally in a vertical direction to engage
and disengage the ground or other support surface. Each
outrigger assembly 20 may also include an arm 24 that
is movable generally in a horizontal direction to extend
toward and away from the frame 16. In one embodiment,
the arm 24 is a telescoping arm having a fixed section,
such as an outrigger box, and one or more telescoping
sections movable relative to the fixed section. Each jack
22 may be mounted to a respective arm 24.

[0015] The superstructure 14 is coupled to the carrier
12. In one embodiment, the superstructure 14 is rotatably
coupled to the carrier 12 and is configured to rotate rel-
ative to the carrier 12 about a vertical axis 'A’ (see FIG.
1). In one embodiment, the superstructure 14 may also
include crane components, for example, a rotating bed
26, an operator cab 28, a counterweight assembly 30, a
boom 32, a hoist 34 for winding and unwinding a rope 36
and a hook block 37 connected to the rope 36. In another
embodiment, the counterweight assembly 30 may be
mounted to the carrier 12.

[0016] In one embodiment, the boom 32 may be a tel-
escoping boom, such as a hydraulic telescoping boom.
The boom 32 may include a base section 38 and one or
more nested, telescoping sections 40 configured for tel-
escoping extension and retraction relative to the base
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section 38. The one or more telescoping sections 40 may
be driven, for example, by a linear actuator (not shown).
The rope 36 may extend from the hoist 34 generally along
the boom 32, and extend from a boom tip 33. The hook
block 37 is connected to the rope 36 at a distal end of
the rope 36, opposite to the hoist 34.

[0017] It is understood that present disclosure is not
limited to mobile cranes of the type described above. For
example, the crane 10 may be a crawler crane, a tower
crane or other lifting device having a boom movable in
one or more of a slewing direction or a lifting direction.
Forexample, in atower crane, the lower works, or carrier,
may be in the form of a tower, and the upper works, or
superstructure may be coupled to the top of the tower.
The boom may be formed as a jib on the superstructure.
[0018] Referring to FIG. 3, the crane 10 may also in-
clude a crane control system 300. The crane control sys-
tem 300 may include one or more input devices 310, such
as an operating knob, lever, switch, button, joystick,
touch screen input, touch pad, keyboard, keypad and the
like, configured to receive an input from an operator. The
one or more input devices 310 are operably connected
to an actuator (not shown) configured to control move-
ment of a crane component in response to an input re-
ceived at the input device 310. For example, the one or
more input devices 310 may receive an input to control
slewing movement of the boom 32 and rotating bed 26,
lifting movement of the boom 32, telescoping movement
(extension/retraction) of the boom 32, winding orwinding
of the rope 36 on the hoist 34, or movement of an out-
rigger assembly 20. In response to receiving the input,
the actuator (not shown) may be actuated to control
movement of the boom 32, hoist 34, outrigger 20 or other
crane component in the desired manner. The actuator
may be, for example, a linear actuator, rotary actuator,
drive motor and other suitable actuators known to those
having skill in the art.

[0019] In one embodiment, the crane control system
300 may include a computer processor 314, computer
readable storage medium 316, a user interface 318 which
may include the one or more input devices 310, and a
communications interface 320. The crane control system
300 may be located in the cab 28 or remote from the cab
28. In some embodiments, components of the crane con-
trol system 300 may be distributed in different sections
of the crane 10 or on devices remote from the crane 10.
The computer readable storage medium 316 is operably
coupled to the computer processor 314 such that it is
able to communicate with the computer processor 314.
The computer readable storage medium 316 stores in-
structions 322 that, when executed by the computer proc-
essor 314, cause the computer processor 314 to gener-
ate one or more signals to implement, or perform, func-
tions. The computer readable storage medium 316 may
also store information related to the operation ofthe crane
10. The user interface 318 is operably coupled to the
computer processor 314 such that an operator is able to
interact with computer processor 314. For example,
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through the user interface 318 the operator may obtain
information related to the crane 10 operation and cause
the computer processor 314 to generate one or more
signals to implement a function. The operator may also
input information to the user interface 314 or the one or
more input devices 310 to cause the computer processor
314 to generate and transmit a control signal, via the
communications interface 320, to the one or more of the
actuators (not shown) to control or prevent movement of
a crane component. In one embodiment, the instructions
322 stored at the computer readable storage medium
316 may be executed by the computer processor 314 in
response to receipt of the input information from the user
interface 318 such that a function is implemented by the
computer processor 314 to transform the input informa-
tion into the control signal.

[0020] Referring to FIG. 4, the crane 10 also includes
an optical detection system 400. In one embodiment, the
optical detection system 400 includes one or more image
capture assemblies 410 and an optical control system
402 operably and communicably connected to the one
or more image capture assemblies 410. The optical con-
trol system 402 includes a computer processor 412, a
computer readable storage medium 414 and a commu-
nications interface 416, similar to those described above
with respect to the crane control system 300. The optical
control system 402 optionally includes a user interface
418, as well. The computer readable storage medium
414 stores instructions 420 that, when executed by the
computer processor 412, cause the computer processor
412 to generate one or more signals to implement one
or more functions. Alternatively, or in addition, the optical
detection system 400 may be operably and communica-
bly coupled to the crane control system 300, such that
the optical detection system 400 and the crane control
system 300 share one or more of a common computer
processor, computer readable storage medium, user in-
terface, and communications interface. In one embodi-
ment, the optical control system 402 and the crane control
system 300 may be one and the same. In one embodi-
ment, components of the optical detection system 400
may be co-located with individual image capture assem-
blies 410, be located in a centralized location and com-
municably connected to the image capture assemblies
410 over a conventional communication interface, or be
distributed among both.

[0021] Although certain processes, methods, analy-
ses, calculations and/or determinations described herein
may be referred as being carried out at one of the crane
control system 300 or the optical detection system 400
(including the optical control system 402), itis understood
that the present embodiments are not limited to these
configurations. That is, the processes, methods, analy-
ses, calculations and/or determinations described herein
may, in some embodiments, be carried out interchange-
ably between, i.e., by either one of or both, the crane
control system 300 and the optical detection system 400,
evenifa particular process, method, analysis, calculation
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or determination is not expressly described as such here-
in. Similarly, it is also understood that information, such
as component specifications, sensor data and the like
may be interchangeably input into either the crane control
system 300 or the optical detection system 400.

[0022] For the purposes of consistency and under-
standing, the various methods, processes, analyses, cal-
culations or determinations, as well as the input of various
data or information, may be described herein as being
carried out by, or input to, the optical detection system
400 or optical control system 402. However, as detailed
above, the optical control system 400 and the crane con-
trol system 300 may share resources or components,
operate interchangeably, or be one and the same. Ac-
cordingly, it is understood that the description herein of
the methods, processes, analyses, calculations, deter-
minations, including the input of data or information, be-
ing carried out by orinputinto the optical detection system
400 or optical control system 402, includes such proc-
esses, methods, analyses, calculations, determinations,
or input of data or information, being carried out by or
input to, the crane control system 300 as well.

[0023] Inoneembodiment, the one or more image cap-
ture assemblies 410 may be mounted, for example, on
the superstructure 14, the carrier 12, or both. Suitable
locations on the superstructure 14 for mounting the one
or more image capture assemblies 410 include, but are
not limited to, the rotating bed 26, the cab 28, the boom
32, the counterweight 30, or other intermediate or con-
necting structures between these components. In one
embodiment, the image capture assembly 410 may be
mounted to a gimbal, or similar device. Each image cap-
ture assembly 410 may include one or more image cap-
ture devices 422 configured for capturing an image
across a desired field of view. In one embodiment, an
image capture device 422 may be, for example, a cam-
era, such as a digital camera, video camera, a stereo
camera, a LIDAR sensor, a visible light camera, an infra-
red (IR) camera, an ultraviolet (UV) camera, and other
suitable devices capable of capturing an image for object
recognition. For example, in one embodiment, the image
capture assembly 410 may be a single camera, such as
a wide angle camera, or alternatively, a combination of
cameras working in conjunction with one another to cap-
ture an image or images across the field of view.
[0024] The optical detection system 400 is configured
to capture an image of one or more objects, detect one
or more objects captured in the image, analyze the de-
tected objects and determine a status of a crane compo-
nent, a crane system, a crane or a series of cranes based,
for example, on the analysis. The crane control system
300 may then alert the operator other personnel to the
determined status and/or carry out crane control func-
tions in response to the determined status. The alert may
be provided, for example, as an audio, visual, or tactile
(including vibratory) signal or alarm to the operator. Al-
ternatively, or in addition, to carry out crane control func-
tions, the crane control system 300 may generate a con-
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trol signal to control an actuator, and in turn, movement
(including starting and stopping) of a desired crane com-
ponent, based on the determined status.

[0025] The status could be, for example, an absolute
position, a relative position, movement, existence,
speed, acceleration, dimensions, and length of extension
or retraction of a crane component. Other statuses in-
clude, for example, the type of component and a physical
configuration of the component. Further, the status could
be a service condition of a crane component, which may
include, for example, indications of wear, damage or
need for maintenance, repair or replacement of the com-
ponent. It is understood that these examples are not ex-
haustive and the determination of other statuses are en-
visioned.

[0026] The optical detection system 400 may detect
the object in the captured image, and in some embodi-
ments, determine a status of a crane component, using
one or more detection methods, including but not limited
to, one or more object recognition techniques, including
such techniques known and understood by those having
ordinary skill in the art. In some embodiments, the optical
detection system 400 may analyze an image captured
by the image capture assembly 410 to optically detect
an object using optical recognition algorithms such as
edge detection using brightness discontinuities. The op-
tical recognition algorithms may be stored in the memory
414 and/or executed by the computer processor 412 at,
for example, the optical control system 402 of the optical
detection system 400. The optical detection system 400
may detect an edge or an end of an object using the
above-noted edge detection and then, to determine a
status, look up a position of the component based on the
pixel location of the detected edge or end of the compo-
nent. For example, in afield of view captured in an image,
the optical control system 402 may be calibrated to assign
aposition ordistance to one or more pixels in the captured
image. Pixels associated with the detected edge or end
of the object may then be compared to the positions or
distances assigned to those pixels to determine a posi-
tion or distance of the detected edge or end of the object.
[0027] Alternatively, or in addition, the computer read-
able storage medium 414 may have stored therein one
or more stored images. The stored images may be cap-
tured substantially in the same field of view as the cap-
tured image from the image capture assembly 400 and
may have known objects identified therein. The captured
image may then be compared to the stored image, for
example, to detect the presence or absence of a partic-
ular object. Crane components may also be detected in
manner described above. The optical detection system
400 may then analyze the captured image, for example,
by comparing relative positions of detected objects in the
captured image and the known objects in the stored im-
age or comparing relative conditions or appearances of
the detected objects in the captured image and the stored
image. The optical detection system 400 may then de-
termine a status of the detected object, which may be a
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crane component, based on the comparison. In such an
embodiment, the image capture assembly 410 may be
positioned to capture images of the object at views which
closely correspond to the views at which the stored im-
ages were taken. Accordingly, accurate comparisons
may be made between stored images and captured im-
ages.

[0028] In other embodiments, the location of the end
or an edge of the object may be calculated in real time
based on the detected pixel location in the field of view
of the image capture assembly 410. For example, if the
end or edge of the object is determined to be at a partic-
ular angle relative to a centerline of the image capture
assembly 410, then a table may give an extension cor-
responding to that particular angle. In other embodi-
ments, the detected end or edge may be at a particular
pixel location, which is then looked up by the system 400
on the chart to give an extension corresponding to that
particular pixel location. In other embodiments, once the
relative location of the object end or edge is detected,
the physical length of the object may be calculated using
commonly known techniques such as trigonometry or ge-
ometry.

[0029] Alternatively, orinaddition, the optical detection
system 400 may detect an object such as a visible target
or marker 42 (see FIGS. 5 and 6) disposed on an object.
Through such detection, the optical detection system 400
may analyze the marker 42 to identify the marker 42, and
determine a status of a crane component, for example,
a position of the crane component, movement of the
crane component, and/or the existence of the crane com-
ponent. In one embodiment, the marker 42 may be hor-
izontal lines, but other patterns may be used as well. In
other embodiment, the marker 42 may be a color coating
on an object, such as the carrier 12. The optical detection
system 400 may detect the marker 42 using conventional
pattern recognition algorithms. The pattern recognition
algorithms may be stored in a memory and/or executed
by a processor of the optical control system 402 of the
optical detection system 400, and/or at the individual im-
age capture assemblies 410. In one embodiment, a plu-
rality of known markers may be stored in the computer
readable storage medium 414, and a marker 42 captured
in an image may be compared to the known markers. If
the detected marker 42 is found to match a known mark-
er, the optical detection system 400 may then identify the
detected marker 42 as corresponding to the known mark-
er.

[0030] The optical detection system 400 may have
stored therein, for example at the computer readable
storage medium 414, additional information 424 associ-
ated with the known marker. Accordingly, when analyzing
a detected marker 42, the optical detection system 400
may identify the detected marker 42 as corresponding to
a known marker, retrieve the additional information 424
associated with the known marker, and associate the re-
trieved additional information with the detected marker
42. The additional information 424 may include, for ex-
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ample, position information or object-specific informa-
tion, such as a type of crane component or object on
which the marker 42 is disposed, identification informa-
tion of the object, product specifications, identification
information and the like. Conversely, the optical detection
system 400 may detect the absence of a marker 42 that
was previously detected or expected to be detected, and
determine a status based on the detected absence of the
marker 42.

[0031] Thus, in the embodiments above, the optical
detection system 400 is configured to detect one or more
objects in the captured image. In each of these embod-
iments, when detecting objects in the captured image,
the optical detection system 400 is configured to differ-
entiate the objects from the background in the image. In
some embodiments, the detected object may be a crane
componentoramarkeron the crane component, wherein
the marker is a section of the component that is coated
with a special color and/or pattern to help differentiate
the crane component from the background. For example,
a fluorescent marker, a reflective marker, or other highly
visible marker to increase contrast of the crane compo-
nent relative to the background may be used. According-
ly, using the techniques described herein, the optical de-
tection system 400 may detect in a captured image, for
example, a shape, profile, size, particular dimension, ori-
entation, color, pattern or combinations thereof when de-
tecting an object. A space between detected objects or
portions of a detected object may also be detected.
[0032] In one embodiment, a visible portion of the
marker 42 may be captured in an image by the one or
more image capture assemblies 410. The optical control
system 402 may then convert the captured marker image
42 into a code representing the visible portion of the im-
age. For example, if the marker 42 included five lines that
were visible to and captured by the image capture as-
sembly 410, the optical control system 402 may convert
the image (i.e., the captured image of the marker 42) into
a numeric code of five. The pattern may directly corre-
spond to a measurement, e.g., each line could be one
foot apart, or other predetermined unit of measurement,
such that the numeric code is a direct measurement. In
some embodiments, the numeric code may be compared
to atable to lookup information associated with the mark-
er 42. In another embodiment, the marker 42 may be
disposed at a location on the object that corresponds to
qualitative or quantitative positions of the object. For ex-
ample, when a marker 42 is disposed on a crane com-
ponent and is moved into the field of view of the image
capture assembly 410, the marker 42 may be detected
by the optical detection system 400 and identified, for
example, by a comparison to the stored markers as de-
tailed above. If the detected marker 42 matches a stored,
known marker, the optical control system 402 may then
identify and retrieve any additional information 424 that
may be associated with the known marker 42 and asso-
ciate the additional information with the detected marker
42.
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[0033] Each of the aforementioned detection methods
may be combined with other methods listed so as to aid,
backup and/or give an alternate or redundant method of
determining a status of the crane component. For exam-
ple, the marker 42 may generally be used for measure-
ments while end or edge detection of the crane compo-
nent may be used to verify the measurement. In one em-
bodiment, it is envisioned that if the marker 42 were ob-
scured and the image capture assembly 410 missed a
portion of the marker 42, the detected edge or end of the
crane component may give a reading inconsistent with
the captured, or detected, marker 42, and the optical de-
tection system 400 may alert the operator to a possible
problem.

[0034] Thus, in one embodiment, the optical detection
system 400, and in particular, the optical control system
402, may detect various objects, such as a crane com-
ponent and/or the marker 42 in a captured image using
object recognition software, analyze the detected ob-
jects, and determine the status of the crane or a crane
componentbased on the analysis of the detected objects.
The crane component for which a status is determined
may be a crane component detected as an object in the
captured image or a separate crane component.

[0035] The object recognition software may be stored
in the computer-readable storage medium 414. In one
embodiment, the object recognition software is conven-
tional, using conventional methods understood by those
having ordinary skill in the art to detect or differentiate
objects in a captured image or video. Itis understood that
the present disclosure is not limited to the object recog-
nition techniques described herein, and that other known
object recognition techniques or algorithms may be used.
[0036] In one embodiment, the optical control system
402 is configured to detect an object in captured image,
wherein the detected object may be one or more of the
carrier 12, the superstructure 14, or marker 42. In one
embodiment, the optical control system 402 may analyze
the detected object, for example, by comparing the cap-
tured image having the detected object to a stored image
having a known object. It is envisioned that the detected
object itself may be compared to a stored image of a
known object as well. In another embodiment, the optical
control system 402 may analyze the detected object by
comparing the captured image with the detected object
to a stored geometrically accurate model of the crane 10.
In another embodiment, the optical detection system 402
may analyze the detected object by executing an algo-
rithm to, for example, determine relative positions of one
or more detected objects. The stored image and stored
geometrically accurate model may be stored in the com-
puter readable storage medium 316, 414 of the crane
control system 300 or the optical detection system 400,
respectively.

[0037] The stored, known objects may have additional
information associated therewith. Accordingly, when the
optical control system 402 identifies a detected object as
matching a known object, the optical control system 402
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may then associate the additional information with the
detected object. The additional information may be, for
example, position information, including slew and lift an-
gle information for a boom.

[0038] The optical control system 402 may determine
a status of a crane component based on the analysis of
the one or more detected objects. In one embodiment,
the crane componentmay be the boom 32, and the status
may be, for example, a position of the boom 32. The
determined position of the boom 32 may include one or
more of a slew angle of the boom 32 and a lift angle of
the boom 32.

[0039] FIG. 5 is a side view of a crane 10, according
to an embodiment. As described above, the optical de-
tection system 400 may include one or more image cap-
ture assemblies 410 disposed at different locations on
the crane 10. For example, in one embodiment, animage
capture assembly 410 may be positioned on a bottom
side 52 of the boom 32 or a top side 54 of the boom 32.
Animage capture assembly 410 positioned on the bottom
side 52 ofthe boom 32 may have aline of sightL1 directed
in one direction, for example, toward the carrier 12, while
an image capture assembly 410 positioned on the top
side 54 ofthe boom 32 may have aline of sight L2 directed
in another direction, for example, toward or along the
superstructure 14. In one embodiment, a single image
capture assembly 410 is positioned on a boom. However,
it is envisioned that multiple image capture assemblies
410 may be positioned on the boom 32 as well.

[0040] FIGS. 6-8 are examples of schematic represen-
tations of captured images from an image capture as-
sembly 410 positioned on the bottom side 52 of the boom
32, with the boom 32 positioned at different slew angles.
In one embodiment, the image capture assembly 410
has a sufficiently wide field of view so that the carrier 12
will appearinthe captured image across an entire slewing
range of the boom 32.

[0041] According to an embodiment, the optical control
system 402 may detect the carrier 12 in the captured
image using, for example, one of the object recognition
techniques described above. For example, in one em-
bodiment, one or more of a shape, profile, size, particular
dimension, orientation, color, pattern, or the like, of a vis-
ible portion of the carrier 12 may be detected in the cap-
tured image. It is understood that although the some
properties, such as the actual shape, profile and/or size
of the carrier 12 remain constant, a detected shape, pro-
file, and/or size of the detected carrier 12 will vary in the
captured images as the slew angle changes, forexample,
as shown in FIGS. 6-8. The particular dimension of the
carrier 12 may be detected for example, by counting pix-
els in the captured image between two reference points,
such as detected edges of the carrier 12.

[0042] The optical control system 402 may compare
the detected carrier 12 in the captured image to a known
carrierin a stored image, stored in the computerreadable
storage medium 316 or 414. In one embodiment, the op-
tical control system 402 may compare the detected car-
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rier 12 to multiple stored images of known carriers, for
example, to identify a known carrier that corresponds to
the detected carrier 12. In one embodiment, the stored
images of known carriers may be acquired through a cal-
ibration process, where the superstructure 14 is rotated
relative to the carrier 12 to known slew angles, an image
is captured by the image capture assembly 410 and the
captured image taken during the calibration is stored in
the memory 316 or 414, along with the corresponding
slew angle.

[0043] Theknown carrier may have additional informa-
tion associated therewith in the computer readable stor-
age medium 316 or 414. The additional information may
include, for example, a boom slew angle corresponding
to the known carrier. That is, each known carrier may
have a particular boom slew angle associated therewith.
Accordingly, if the optical control system 402 identifies
the detected carrier 12 as corresponding to a known car-
rier in a stored image, the optical control system 402 may
associate the additional information, including the boom
slew angle, to the detected carrier 12. In this manner, the
optical control system 402 may determine a slew angle
of the boom 32.

[0044] Inone embodiment, the comparison carried out
by the optical control system 402 may be carried out by,
for example, superimposing the captured image of the
detected carrier 12 over the stored image of the known
carrier to find, for example, a known carrier having sub-
stantially the same shape, profile, size, orientation, par-
ticular dimension, pattern, color or the like, or some com-
bination thereof, as the detected carrier 12. Alternatively,
or in addition, the comparison may be a comparison of
a shape, profile, size, orientation, particular dimension,
pattern, color or the like, of the detected carrier 12 to
those of the known carrier, for instance, by comparing
pixel locations of the detected and known carriers in the
captured and stored images, respectively.

[0045] In another embodiment, the optical control sys-
tem 402 may compare the detected carrier 12 in the cap-
tured image to a geometrically accurate model of the
crane 10 stored in the computer readable storage medi-
um 316 or 414. If the optical control system 402 identifies
the detected carrier 12 as corresponding to a carrier of
the geometrically accurate model of the crane, the optical
control system 402 may associate additional information,
including a boom slew angle, with the detected carrier
12. In this manner, the optical control system 402 may
determine a slew angle of the boom 32.

[0046] In still another embodiment, the optical control
system 402 may execute an algorithm stored in the com-
puter readable storage medium 316 or 414 to determine
a slew angle of the boom 32. With further reference to
FIGS. 6-8, for example, the optical control system 402
may provide a fixed axis FA in the captured image which
corresponds to an orientation of the boom 32. The fixed
axis FA extends in a fixed direction in the captured im-
ages as the slew angle changes. The optical control sys-
tem 402 may also provide a detected axis DA in the cap-
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tured image. The detected axis DA may be detected, for
example, as an axis of the detected carrier 12. The optical
control system 402 may then determine the slew angle
of the boom 32 by determining the angle a1 between the
fixed axis FA and detected axis DA.

[0047] It is understood that the fixed axis FA and the
detected axis DA may be displayed together with the cap-
tured image on a display device, or, alternatively, may
be provided in the computer readable storage medium
316 or 414 and analyzed in the crane control system 300
or optical control system 402 without being displayed. In
addition, FIGS. 6-8 generally show the fixed axis FA as
an axis of the cab 28. However, the present disclosure
is not limited thereto. For example, the fixed axis FA may
be a longitudinal axis of the boom 32 or an axis of the
superstructure 14.

[0048] FIGS. 9-11 are examples of schematic repre-
sentations of images captured from an image capture
assembly 410 positioned on the top side 54 of the boom
32, with the boom 32 positioned at different slew angles.
In one embodiment, the image capture assembly 410
has a sufficiently wide field of view, such that the super-
structure 14 will appear in the captured image across
entire slewing range of the boom 32.

[0049] According to an embodiment, the optical control
system 402 may detect the superstructure 14 in the cap-
tured image, for example, using one of the object recog-
nition techniques described above. For example, in one
embodiment, a shape, profile, size, orientation, particular
dimension, pattern, color, or the like of a visible portion
of the superstructure 14 may be detected in the captured
image. Optionally, the optical control system 402 may
also detect individual crane components of the super-
structure 14, such as the cab 28, the counterweight as-
sembly 30 and the boom 32. Further still, a visible portion
ofthe carrier 12 may be detected, as well as an orientation
of the carrier 12 relative to the superstructure 14. As de-
scribed above, a detected shape, profile, size, orienta-
tion, dimension, pattern, color or the like, of the visible
portion of the carrier 12 may change in the captured im-
age as the slew angle changes. That is, depending on
the slew angle and position of the boom 32, the percep-
tion of the carrier 12 changes in the captured image.
[0050] The optical control system 402 may compare
the detected superstructure 14, or the relative orientation
of the carrier 12 and the superstructure 14, in the cap-
tured image to a known superstructure 14 or known rel-
ative orientation of a carrier and superstructure in a stored
image, stored in the computer readable storage medium
316 or 414. In one embodiment, the optical control sys-
tem 402 may compare the detected superstructure or
detected relative orientation to multiple stored images of
known superstructures or relative orientations, for exam-
ple, to identify a known superstructure or relative orien-
tation that corresponds to the detected superstructure 14
or detected relative orientation of the carrier 12 and su-
perstructure 14.

[0051] The known superstructure or relative orienta-
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tion of the carrier and superstructure may have additional
information associated therewith in the computer reada-
ble storage medium 316 or 414. The additional informa-
tion may include, for example, a boom slew angle corre-
sponding to the known superstructure or relative orien-
tation. That is, each known superstructure or relative ori-
entation may have a particular slew angle associated
therewith. Accordingly, if the optical control system 402
identifies the detected superstructure 14 or relative ori-
entation of the carrier 12 and superstructure 14 as cor-
responding to a known superstructure 14 or relative ori-
entation in a stored image, the optical control system 402
may associate the additional information, including the
boom slew angle, to the detected superstructure 14. In
this manner, the optical control system 402 may deter-
mine a slew angle of the boom 32.

[0052] Inone embodiment, the comparison carried out
by the optical control system 402 may be carried out by,
for example, superimposing the captured image of the
superstructure 14 or relative orientation of the carrier 12
and superstructure 14 over the stored image of the known
superstructure or relative orientation of a carrier and su-
perstructure to find, for example, a known superstructure
or relative orientation having substantially the same
shape, profile, size, orientation, particular dimension,
pattern, color or the like, or some combination thereof,
as the detected superstructure 14 or detected relative
orientation of the carrier 12 and superstructure 14. Alter-
natively, or in addition, the comparison may be a com-
parison of a shape, profile, size, orientation, particular
dimension, pattern, color or the like, of the detected su-
perstructure 14 or relative orientation to those of the
known superstructure or relative orientation, for instance,
by comparing pixel locations of the detected and known
superstructures and relative orientations in the captured
and stored images, respectively.

[0053] In another embodiment, the optical control sys-
tem 402 may compare the detected superstructure 14,
or the detected relative orientation of the carrier and su-
perstructure, in the captured image to a geometrically
accurate model of the crane stored in the computer read-
able storage medium 316 or 414. If the optical control
system 402 identifies the detected superstructure 14 or
the detected relative orientation as corresponding to a
superstructure or relative orientation of the geometrically
accurate model of the crane, the optical control system
402 may associate additional information, including a
boom slew angle, with the detected superstructure 14 or
relative orientation of the carrier 12 and superstructure
14. In this manner, the optical control system 402 may
determine a slew angle of the boom 32.

[0054] In still another embodiment, the optical control
402 may execute an algorithm stored in the computer
readable storage medium 316 or 414 to determine a slew
angle of the boom 32. With further reference to FIGS.
9-11, for example, the optical control system 402 may
provide a fixed axis FA in the captured image which cor-
responds to an orientation of the boom 32. The fixed axis
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FA extends in a fixed direction in the captured images
as the boom slew angle changes. The optical control sys-
tem 402 may also provide a detected axis DA in the cap-
tured image. The detected axis DA may be detected, for
example, as an axis of the detected carrier 12. The optical
control system 402 may then determine the slew angle
of the boom 32 by determining the angle between the
fixed axis FA and detected axis DA.

[0055] FIGS. 12 and 13 are examples of schematic
representations of captured images from an image cap-
ture assembly 410 positioned on the bottom side 52 of
the boom 32, with the boom 32 positioned at different lift
angles.

[0056] ReferringtoFIGS. 12 and 13, the optical control
system 402 is configured to detect the carrier 12 in the
captured image. As a lift angle of the boom 32 changes,
a perceived dimension or size of the detected carrier 12
changes. Forexample, referringto FIG. 12, withthe boom
32 at afirst lift angle, the carrier 12 is detected having a
first width W1 in the captured image. Referring to FIG.
13, with the boom 32 at a second lift angle, greater that
the first lift angle, the carrier 12 is detected having a sec-
ond width W2, less than the first width W1, in the captured
image.

[0057] In one embodiment, the optical control system
402 analyzes the detected carrier 12 in the captured im-
age by comparing the carrier 12 to a known carrier in a
stored image, stored in the computer readable storage
medium 316 or 414. In one embodiment, the optical con-
trol system 402 may compare the detected carrier 12 to
multiple stored images of known carriers, for example,
to identify a known carrier that corresponds to the detect-
ed carrier 12.

[0058] The known carrier may have additional informa-
tion associated therewith in the computer readable stor-
age medium 316 or 414. The additional information may
include, for example, a lift angle of the boom correspond-
ing to the known carrier image. That is, each known car-
rier in a stored image may have a particular boom lift
angle associated therewith. Accordingly, if the optical
control system 402 identifies the detected carrier 12 as
corresponding to a known carrier in a stored image, the
optical control system 402 may associate the additional
information, including the boom lift angle, to the detected
carrier 12. In this manner, the optical control system 402
may determine a lift angle of the boom 32.

[0059] Inone embodiment, the comparison carried out
by the optical control system 402 may be carried out by,
for example, superimposing the captured image of the
detected carrier 12 over the stored image of the known
carrier to find, for example, a known carrier having sub-
stantially the same shape, profile, size, orientation, par-
ticular dimension, pattern, color, or the like, or some com-
bination thereof, as the detected carrier 12. Alternatively,
or in addition, the comparison may be a comparison of
a shape, profile, size, orientation, particular dimension,
pattern, color, or the like, of the detected carrier 12 to
those of the known carrier, for instance, by comparing
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pixel locations of the detected and known carriers in the
captured and stored images, respectively.

[0060] In another embodiment, the optical control sys-
tem 402 may compare the captured image having the
carrier 12 detected therein to a geometrically accurate
model of the crane 10. If the optical detection system 402
identifies the detected carrier 12 as corresponding to a
carrier of the geometrically accurate model of the crane,
the optical control system 402 may associate additional
information, including a boom lift angle, with the detected
carrier 12. In this manner, the optical detection system
402 may determine a lift angle of the boom 32.

[0061] In still another embodiment, the optical control
system 402 may execute an algorithm stored in the com-
puter readable storage medium 316 or 414 to determine
a lift angle of the boom 32. For example, in one embod-
iment, and with reference to FIGS. 12 and 13, a detected
size (and dimensions) of the detected carrier 12 changes
with a change in the lift angle of the boom 32. The optical
control system 402 may, for example, measure a change
in the detected size or dimensions by counting a change
in the number of pixels that are part of the detected carrier
12 in the captured image. A change in the number of
pixels may be correlated to a change inboom angle. Such
a relationship may be stored in a table in the computer
readable storage medium 316 or 414, for example. Ac-
cordingly, with an initial boom angle known, and a rela-
tionship between a number of pixels and the boom lift
angle known, the optical control system 402 may deter-
mine a boom lift angle based on a change in the number
of pixels associated with the detected carrier 12. In one
embodiment, the change in the number of pixels may be
across a predetermined dimension of the carrier 12 in
the captured image, such as a width W1, W2.

[0062] FIGS. 14 and 15 are examples of schematic
representations of captured images from an image cap-
ture assembly 410 positioned on the top side 54 of the
boom 32, with the boom 32 positioned at different lift an-
gles.

[0063] Referringto FIGS. 14 and 15, the optical control
system 402 is configured to detect the superstructure 14
in the captured image. In one embodiment, individual
crane components of the superstructure 14, such as the
cab 28, counterweight assembly 30 and boom 32 may
be detected as well. As a lift angle of the boom 32 chang-
es, a perceived or detected dimension or size of the de-
tected superstructure 14 changes in the captured image.
For example, referring to FIG. 14, with the boom 32 at a
first lift angle, the superstructure 14 is detected having a
first height H1 in the captured image. Referring to FIG.
15, with the boom 32 at a second lift angle, greater that
the firstliftangle, the superstructure 14 is detected having
a second height H2, different than the first height H1, in
the captured image. Other detected sizes or dimensions
of the superstructure 14 may vary with a change in lift
angle as well.

[0064] In one embodiment, the optical control system
402 analyzes the detected superstructure 14 in the cap-
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tured image by comparing the superstructure 14 to a
known superstructure in a stored image, stored in the
computer readable storage medium 316 or 414. In one
embodiment, the optical control system 402 may com-
pare the detected superstructure 14 to multiple stored
images of known superstructures, for example, to identify
a known superstructure that corresponds to the detected
superstructure 14.

[0065] The known superstructure may have additional
information associated therewith in the computer reada-
ble storage medium 316 or 414. The additional informa-
tion may include, for example, a lift angle of the boom
corresponding to the known superstructure image. That
is, each known superstructure in a stored image may
have a particular boom lift angle associated therewith.
Accordingly, if the optical control system 402 identifies
the detected superstructure 14 as corresponding to a
known superstructure in a stored image, the optical con-
trol system 402 may associate the additional information,
including the boom lift angle, to the detected superstruc-
ture 14. In this manner, the optical control system 402
may determine a lift angle of the boom 32.

[0066] Inone embodiment, the comparison carried out
by the optical control system 402 may be carried out by,
for example, superimposing the captured image of the
detected superstructure 14 over the stored image of the
known superstructure to find, for example, a known su-
perstructure having substantially the same shape, pro-
file, size, orientation, particular dimension, pattern, color
or the like, or some combination thereof, as the detected
superstructure 14. Alternatively, or in addition, the com-
parison may be a comparison of a shape, profile, size,
orientation, particular dimension, pattern, color or the
like, of the detected superstructure 14 to those of the
known superstructure, for instance, by comparing pixel
locations of the detected and known superstructure in
the captured and stored images, respectively.

[0067] In another embodiment, the optical control sys-
tem 402 may compare the captured image having the
superstructure 14 detected therein to a geometrically ac-
curate model of the crane 10. If the optical detection sys-
tem 402 identifies the detected superstructure 14 as cor-
responding to a superstructure of the geometrically ac-
curate model of the crane, the optical control system 402
may associate additional information, including a boom
liftangle, with the detected superstructure 14. In this man-
ner, the optical control system 402 may determine a lift
angle of the boom 32.

[0068] In still another embodiment, the optical control
system 402 may execute an algorithm stored in the com-
puter readable storage medium 316 or 414 to determine
a lift angle of the boom 32. For example, in one embod-
iment, and with reference to FIGS. 14 and 15, a detected
size (and dimensions) of the detected superstructure 14
changes with a change in the lift angle of the boom 32.
The optical control system 402 may, for example, meas-
ure achange inthe detected size or dimensions by count-
ing a change in the number of pixels that are part of the
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detected superstructure 14 in the captured image. A
change in the number of pixels may be correlated to a
change in boom angle. Such arelationship may be stored
in a table in the computer readable storage medium 316
or 414, for example. Accordingly, with an initial boom
angle known, and a relationship between a number of
pixels and the boom lift angle known, the optical control
system 402 may determine a boom lift angle based on a
change in the number of pixels associated with the de-
tected superstructure 14.In one embodiment, the change
in the number of pixels may be across a predetermined
dimension of the superstructure 14 in the captured im-
age, such as a height H1, H2.

[0069] In another embodiment, a marker 42 may be
disposed on the crane 10 and detected in a captured
image by the optical control system 402. A lift angle of
the boom 32 may be determined by analyzing the detect-
ed marker 42.

[0070] FIG. 16 is a schematic diagram representing a
top view of the crane 10. In one embodiment, the image
capture assembly 410 may be positioned on the boom
32, and have a line of sight L2 along the superstructure
14. A field of view of the image capture assembly 410
may include a portion of the superstructure 14 throughout
an entire lift angle range of the boom 32. In one embod-
iment, the marker 42 is disposed in the field of view of
the image capture assembly 410 throughout the lift angle
range. In one embodiment, the marker 42 is disposed
behind the boom 32.

[0071] FIGS. 17-19 are examples of the marker 42, in
views representing how the markers 42 may be captured
in images taken by the image capture assembly 410, with
the boom 32 at different lift angles. In one embodiment,
the marker 42 may include graduations 56. As the lift
angles changes, the perspective with which the marker
42 is viewed by the image capture assembly 410, and in
turn, is captured in an image, changes as well. For ex-
ample, a detected distance S1, S2, S3 between gradu-
ations 56 or a height H1, H2, H3 of the detected marker
42 may change in captured images taken a different
boom lift angles. In one embodiment, an increase in the
distance between graduations 56 or a height of the mark-
er42, asdetected inthe captured image, may correspond
to an increase in boom lift angle. However, the present
disclosure is not limited to such a configuration, and it is
understood that the marker 42 may have differently ar-
ranged graduations, or may be differently positioned rel-
ative to the image capture assembly 410, such that dis-
tances between graduations 56 or a height of the marker
42, as detected in a captured image, decrease with an
increase in boom lift angle. In one embodiment, portions
of the marker 42 may become hidden or exposed as the
lift angle changes.

[0072] In one embodiment, the optical control system
402 analyzes the detected marker 42 in the captured
image by comparing the detected marker 42 to a known
marker in a stored image, stored in the computer read-
able storage medium 316 or 414. In one embodiment,
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the optical control system 402 may compare the detected
marker 42 to multiple stored images of known markers,
for example, to identify a known marker that corresponds
to the detected marker 42.

[0073] The known marker may have additional infor-
mation associated therewith in the computer readable
storage medium 316 or 414. The additional information
may include, for example, a lift angle of the boom 32
corresponding to the known marker image. Thatis, each
known marker in a stored image may have a particular
boom lift angle associated therewith. Accordingly, if the
optical control system 402 identifies the detected marker
42 as corresponding to aknown markerin a stored image,
the optical control system 402 may associate the addi-
tional information, including the boom lift angle, to the
detected marker 42. In this manner, the optical control
system 402 may determine a lift angle of the boom 32.
[0074] Inone embodiment, the comparison carried out
by the optical control system 402 may be carried out by,
for example, superimposing the captured image of the
detected marker 42 over the stored image of the known
marker to find, for example, a known marker having sub-
stantially the same shape, profile, size, orientation, par-
ticular dimension, pattern, color or the like, or some com-
binationthereof, as the detected marker42. Alternatively,
or in addition, the comparison may be a comparison of
a shape, profile, size, orientation, particular dimension,
pattern, color or the like, of the detected marker 42 to
those of the known marker, for instance, by comparing
pixel locations of the detected and known markers in the
captured and stored images, respectively.

[0075] FIG. 20 is a block diagram showing a method
500 of determining a status of a boom on a crane, ac-
cording to an embodiment. The method includes captur-
ing 510, with an image capture assembly 410, an image
of a crane carrier 12, a crane superstructure 14, or both,
and detecting 520, with an optical control system 402,
one or more objects in the captured image, wherein the
one or more objects include one or more of: the crane
carrier 12, the crane superstructure 14, and a marker 42.
The method further includes analyzing 530, with the op-
tical control system 402, the detected objects, and de-
termining 540, with the optical control system 402, a sta-
tus of the boom 32 based on the analysis of the detected
objects.

[0076] Accordingly, in the embodiments above, an im-
age capture assembly may capture an image, or series
of images, of an object, such as a crane component or
amarker, and the images may be analyzed by the optical
detection system 400 to determine a status or condition
of a crane component. The crane component for which
a status is determined may be the detected crane com-
ponent from the captured image, or a separate crane
component. In some embodiments, the operator may be
alerted to the status, the crane operations, such as boom
movement, may be controlled or prevented by the crane
control system 300, or both, in response to a determined
status. In one embodiment, the optical detection system
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400, with a captured image of one or more of a carrier,
a superstructure, and a marker, may determine a status
relating to the position of boom 32. For example, by de-
tecting a carrier and/or a superstructure in the captured
image, a slew angle and a lift angle of the boom 32 may
be determined. In another embodiment, a lift angle of the
boom 32 may be determined by detecting a marker 42
in the captured image.

[0077] Inthe embodimentsabove, the optical detection
system 400 may determine a position of the boom 32,
including a slew angle and a lift angle, without the use of
sensors, such as proximity sensors. In another embodi-
ment, the optical detection system 400 may operate in
conjunction with various known sensors to determine a
slew angle and lift angle of the boom 32. For example,
the optical detection system 400 may confirm sensor data
relating to boom position, or vice versa.

[0078] All patents referred to herein, are hereby incor-
porated herein in their entirety, by reference, whether or
not specifically indicated as such within the text of this
disclosure.

[0079] In the present disclosure, the words "a" or "an"
are to be taken to include both the singular and the plural.
Conversely, any reference to plural items shall, where
appropriate, include the singular. In addition, it is under-
stood that features any of the embodiments above may
be used together with, implemented in, or replace fea-
tures of the other embodiments described herein, as suit-
able.

[0080] From the foregoing it will be observed that nu-
merous modifications and variations can be effectuated
without departing from the true spirit and scope of the
novel concepts of the present invention. It is to be under-
stood that no limitation with respect to the specific em-
bodiments illustrated is intended or should be inferred.
The disclosure is intended to cover by the appended
claims all such modifications as fall within the scope of
the claims.

Claims
1. A crane comprising:

a carrier;

a superstructure coupled to the carrier, the su-
perstructure including a boom;

an optical detection system comprising:

an image capture assembly comprising one
or more image capture devices configured
to capture an image of one or more of the
carrier and the superstructure; and

an optical control system configured to:

detect one or more objects in the cap-
tured image, the one or more objects
selected from: the carrier, the super-
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10.

1.

22

structure, and a marker;

analyze the one or more detected ob-
jects; and

determine a status of the boom based
on the analysis of the one or more de-
tected objects.

The crane of claim 1, wherein the one or more image
capture devices include a camera.

The crane of claim 1, wherein the determined status
of the boom is selected from one or more of: a lift
angle of the boom and a slew angle of the boom.

The crane of claim 1, wherein the optical control sys-
tem analysis includes comparing the one or more
detected objects in the captured image to a known
object in a stored image.

The crane of claim 4, wherein the optical control sys-
tem retrieves additional information associated
based on the comparison, and the determined status
is based on the additional information.

The crane of claim 5, wherein the additional infor-
mation includes one or more of a boom lift angle and
a boom slew angle.

The crane of claim 4, wherein the comparison is
based on one or more of: a detected shape, profile,
size, particular dimension, orientation, pattern or
color of the one or more detected objects.

The crane of claim 1, wherein the optical control sys-
tem analysis includes comparing the detected object
in the captured image to a geometrically accurate
model of the crane.

The crane of claim 1, wherein the optical control sys-
tem analysis includes executing an algorithm to cal-
culate one or more of a boom lift angle or boom slew
angle.

The crane of claim 1, further comprising a crane con-
trol system operably coupled to boom and configured
to control or prevent one or more crane operations
based on the determined status.

An optical detection system for a crane having a car-
rier and a superstructure mounted on the carrier, the
superstructure having a boom, the system compris-

ing:

an image capture assembly comprising one or
more image capture devices configured to cap-
ture an image of the carrier, the superstructure,
or both; and

an optical control system configured to:
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detect one or more objects in the captured
image, the one or more objects selected
from: the carrier, the superstructure, and a
marker;

analyze the one or more detected objects;
and

determine a status of the boom based on
the analysis of the one or more detected
objects.

The optical detection system of claim 11, wherein
the optical control system analysis includes compar-
ing the one or more detected objects in the captured
image to a known object in a stored image.

The optical detection system of claim 11, wherein
the optical control system analysis includes compar-
ing the one or more detected objects in the captured
image to a geometrically accurate model of the
crane.

The optical detection system of claim 11, wherein
the optical control system analysis includes execut-
ing an algorithm to calculate one or more of a boom
lift angle or boom slew angle.

The optical detection system of claim 11, wherein
the determined status of the boom is one or more of
aslew angle of the boom and a lift angle of the boom.

A method of determining a status of a boom on a
crane, the method comprising:

capturing, with an image capture assembly, an
image of a crane carrier, a crane superstructure,
or both;

detecting, with an optical control system, one or
more objects in the captured image, wherein the
one or more objects include one or more of: the
crane carrier, the crane superstructure, and a
marker;

analyzing, with the optical control system, the
detected objects; and

determining, with the optical control system, a
status of the boom based on the analysis of the
detected objects.

The method of claim 16, wherein the analyzing fur-
ther comprises comparing the one or more detected
objects in the captured image to a known object in
a stored image.

The method of claim 16, wherein the analyzing fur-
ther comprises comparing the one or more detected
object in the captured image to a geometrically ac-
curate model of the crane.

The method of claim 16, wherein the analyzing fur-
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ther comprises executing an algorithm to calculate
one or more of a boom lift angle or boom slew angle.

The method of claim 16, wherein the determined sta-
tus of the boom is one or more of: a slew angle of
the boom and a lift angle of the boom.
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